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Tardigrades, also known as water bears, are microscopic creatures that happen 
to have extreme radiotolerancy. Because of this, they are able to withstand the 
most extreme conditions. This radiotolerancy has been pinpointed to the d-Sup 
protein and has thus instigated experimentations into the limits and availability to 
genetically splice this protein and its functions have been tested. 
Through analysis and critique of these studies, I have created art pieces to 
express the scientific research and findings. Each piece varies in scientific data, 
alongside media and size. This results in an assemblage of works that will 
successfully express scientific research and findings in a visual mode. 
It is fair to note that the current global pandemic of Covid-19 has halted some 
of this artistic expression and presented obstacles that were not always overcome. 
Because of this, there’s limitation on wholly finished pieces—further explained in 






Studies have shown that visualization and scientific execution are 
effective when utilized hand-in-hand. David Pearson of Anglia Ruskin 
University writes, “Studies have also found that mental imagery plays a 
central role during the construction and evaluation of many scientific 
‘thought experiments’, in which a scientist mentally assesses the 
implications of a particular hypothesis.”16 Because the ability to visualize 
and interpret, two skills considered to be heavily prevalent in the creative 
realm, are highly applied in the use of scientific theory, the assumption in 
which one must denounce a logic-based or creative-based skill in order to 
incorporate the other is not true. More so, these continued implications put 
forward by professionals hold no concrete stability other than years of 
quotation. 
 Alongside that, Dave Featherstone, Professor of Biology and 
Neuroscience at the University of Illinois, stated, “Both science and art are 
human attempts to understand and describe the world around us. The 
subjects and methods have different traditions, and the intended audiences 
are different, but I think the motivations and goals are fundamentally the 
same.”6 My goal in my artwork is to merge these audiences while still 
providing the intended goal: the spread of information. Having this scientific 
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information available through the means of visual representation allows for 
more clear and entertaining understanding. With this clear comprehension, 
I should be able to reach a larger audience and acceptance rate towards the 







1. “Damage Suppressor Protein”, 
2. Protein in tardigrades found to be responsible for their radiotolerancy and 
high survivability. 
Radiotolerancy 
1. One’s ability to be tolerant to radiation of various forms/types. 
Radiation 
1. The emission of subatomic particles or electromagnetic waves, 
2. Causes severe damage such as DNA lesions, including double-strand breaks, 
and genome instability or lesions. 
Genome 
1. Complete set of genes or genetic material in a living organism. 
Tardigrades 
1. Microscopic invertebrates with four pairs of legs (totaling eight) that 
typically live in water or damp moss/lichen, 
2. “Water bear”; “moss piglet”. 
Survivability 
1. The ability to survive or continue to exist, 
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2. In terms of tardigrades, high survivability is referenced towards extremes 
such as pressure, humidity, temperature, food scarcity, mobility. 
Extremophile(s) 
1. Organisms that have adapted or at least are tolerant to extremely harsh 
environments, 
2. “One that likes extremes”. 
Limno-terrestrial 
1. Being or inhabiting a moist terrestrial environment that has periods of both 
immersion and desiccation. 
Anhydrobiosis 
1. Dormant state induced by a drought where organisms become almost 
completely dehydrated and reduce metabolic activities. 
Horizontal Gene Transfer (HGT) 
1. Transfer of genetic material between organisms different from parent-to-
offspring via sex, 
2. Extremely important in the evolution of many species. 
HEK 293T Cells 
1. “Human Embryonic Kidney 293 Cells”, 
2. Specific cell line originally derived from human embryonic kidney cells 




In terms of extremophiles, tardigrades have been distinguished as some of 
the most radiotolerant animals. However, their source of such survivability was 
unknown until the discovery of the d-Sup protein.  
Prior to this, researchers believed that their anhydrobiosis state was the 
cause of their high radiotolerancy, a state where: 
“the animal curls into itself, tucking its eight limbs and 
head inside its body… it sheds more than 95 percent of 
the water in its body, shriveling into a blob, known as a 
tun for its resemblance to a beer barrel… the 
tardigrade produces a sugar [trehalose] that replaces 
the lost water, protecting internal structures from fatal 
damage… metabolic processes dwindle to less than 
0.01 percent of normal activity”1 
This state of anhydrobiosis is important for tardigrades because of how it affects 
their survivability. As William Miller put it, a leading tardigrade researcher at Baker 
University, “... these are technically aquatic creatures, and require a thin layer of 
water to do pretty much anything, including eating, having sex, or moving 
around.”11 Alongside that, tardigrades have a fairly low lifespan (when 
continuously hydrated), varying species to species, but averaging at about a few 
months. But in anhydrobiosis, tardigrades “can survive being in this strange state 
for more than a decade.”11 And according to Miller, “few researchers believe some 
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species of tardigrades might even be able to survive desiccation for up to a 
century.”11 
Yet in 2007, a European study where two species of tardigrades were 
attached to the external surface of a rocket, FOTON-M3, to orbit around the earth 
for ten days brought back further evidence of their survivability. Emma Perry, a 
leading tardigrade researcher at Unity College in Maine, stated, “in general, we 
know very little about how this species functions, especially when we’re talking 
about the molecular level.”11  But when the rocket reentered the atmosphere, 68 
percent of the tardigrades survived the solar radiation from our sun and the 
vacuum of space itself. From this, researchers found that during their 
anhydrobiosis state, tardigrades produce mass amounts of antioxidants—key 
factors in neutralizing ionizing radiation when it enters the body. 
 For something to be radiotolerant, they have to exhibit certain features: 
proper maintenance of genomic DNA through antioxidant defenses, cellular 
cleaning, and DNA repair—features usually only seen in bacteria. With the 2007 
study, one third of these strategies was covered, but as previously mentioned, we 
knew very little of the molecular functions of tardigrades.  
 In November of 2015, a team at the University of North Carolina (UNC) 
sequenced the tardigrade genome, in which they claimed the high presence of 
horizontal gene transfer (HGT), ranging at about 17.5 percent, as the basis of their 
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tolerancy. However, their draft assembly was based on Hypsibius dujardini, a 
freshwater tardigrade known for being one of the least radiotolerant species. 
Following, multiple counter arguments were made towards UNC stating that a 
substantial portion of their genome assembly was derived from contaminated 
microorganisms. There is also large discrepancy between UNC’s assembled 
genome and the projected genome’s size—which could logically be due to having 
contaminated sequences within their research.  
 Interested in UNC’s work, Takuma Hashimoto et al. from the University of 
Tokyo, published in September of 2016, their own findings and sequencing of the 
genome. However, they used R. varieornatus, one of the most tolerant tardigrade 
species, to conduct their precise analysis. They found a sequence largely free from 
contamination that also matched projected sizes. Alongside that, they also found 
lower proportions of HGT than proposed by UNC’s work, and further concluded 
the lack of impact of HGT on tardigrade tolerancy.  
 Wanting to know more about the molecular causation of tardigrade 
radiotolerancy, Hashimoto started looking at tardigrade-unique genes. As he put 
it, “considering DNA as a major target of radiation damage, we hypothesized that 
tardigrade-unique proteins associate with DNA to protect and/or to effectively 
repair DNA in the tardigrade.”8 In the process, he found a DNA-associating protein 
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that showed signs of large tolerancy and reconstruction. They coined the protein 
as “Damage suppressor” or d-Sup for short.  
 The d-Sup protein co-localized with nuclear DNA; similar to co-localization 
in human cells. Therefore, Hashimoto et al. continued their research by splicing the 
d-Sup protein within human cultured HEK 293T cells. Findings concluded that HEK 
293T cells with interaction to the d-Sup protein were vastly more radiotolerant to 
various forms of radiation than those missing the protein: 
“Exposure to hydrogen peroxide induced severe 
fragmentation of DNA (71% of total DNA in tail) in 
control HEK293 cells. In contrast, DNA fragmentation in 
d-Sup-expressing cells was substantially suppressed to 
only 18% of total DNA in the tail, indicating that d-Sup 
protein was able to protect DNA from ROS as well as X-
rays”8 
Furthermore, by also using the variable of HEK 293T cells spliced with d-Sup𝚫𝚫C, the 
d-Sup protein missing the C-terminal DNA-associating region, Hashimoto 
concluded that the d-Sup protein is also dependent on DNA targeting. This means 
that the protein needs to bind with DNA in order to have its full tolerancy effects. 
 In 2017, Hashimoto and Kunieda, another researcher on the University of 
Tokyo’s sequencing project, furthered the information known about tardigrade 
molecular tolerancy as well as the d-Sup protein’s effects on human DNA. They 
continued radiation tests followed by review of DNA fragmentation, which can 
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easily be seen with the marker 𝛾𝛾-H2AX that accumulates shortly after fracture and 
is usually retained for several hours. In their findings: 
“The reduced DNA fragmentation in d-Sup-expressing 
cells was likely due to the reduced occurrence of DNA 
breaks rather than facilitation of the DNA repair 
process”10 
Therefore, a second strategy for radiotolerance has been met by tardigrades: DNA 
repair. They typically don’t go through the repairing process; in fact, they have the 
ability to avoid it altogether. However, when there is a small fracture within their 
DNA, tardigrades have shown to quickly patch it up.  
 Yet there is still limited research done on tardigrade radiotolerancy—
especially on the molecular level. In terms of meeting the third radiotolerant 
strategy, cellular cleaning, many have hypothesized that it’s a combination of the 
d-Sup protein working alongside the anhydrobiosis state, whereas others claim it’s 
within another factor altogether. The first step though, navigating and sequencing 
the genome, has been done. Alongside that, the discovery of the d-Sup protein has 
forever shaped future research on tardigrades.  
 Once the questions regarding their radiotolerancy are answered, studies 
may even lead to applying projected genetic splicing experiments, such as total 
human introduction in order to limit and decrease statistics on radiation intake 
within the human population. In layman’s terms, it has been projected to use the 
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d-Sup protein to lower supernova radiation on the human population in areas with 
depleted ozone layers, therefore decreasing the number of skin cancer cases, or 
other mutations. 






First, I thoroughly analyzed the scientific papers I had chosen to pinpoint 
the key experiments and findings that would result in the specific focuses of my 
interpretations. The focus was going to be on experiments that have tested the 
limits of the d-Sup protein alongside how it affects the radiotolerancy of 
tardigrades. From there, I further condensed the material by locating the most 
memorable aspects from each key point. I had chosen to focus on the 
evolutionary status of tardigrades, the effects and stability of tardigrade DNA 
in terms of x-ray testing, and a study in 2007 in which tardigrades were subject 
to living in the vacuum of space. I chose to focus on these three subtopics 
because the evolutionary status of tardigrades alongside the experiments 
conducted to analyze their radiotolerancy hold amazing data and key points to 
the topic I will be portraying. These memorable fragments would be concepts 
or objects that I would include in my works to help tie the ideas to the images.  
When it comes to the creative portion, my original plan was to create a 
selection of pieces in various sizes and media to convey the key points I have 
pinpointed from the scientific papers. The media I planned on using, but were 
subject to change and expansion, were paper mache, acrylic, watercolor, 
collage, and embroidery. For variation in size, I had decided on creating three 
to five larger pieces, ranging from five to twelve feet in length, and a minimum 
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of seven smaller pieces -- all with various subject matter and color variation. 
The creative process was to include the brainstorming of the pieces, discussion 
with my advisor on approaches, and quick, simple sketches to provide rough 
draft and guidelines for the finished product. 
Alongside the pieces there were to be small paragraphs about the 
research being depicted and the broad image of its importance. I wanted the 
audience to not only look at the art and be entertained, but to also gain some 
knowledge—whether that be in large amounts or small steps. It’s important 
with any art piece to include small snippets of background on the piece and its 
creation. 
I hoped to be able to present my pieces in spring term of 2020 and share 
them with our students, to not only further the importance of art, but the 
importance of science and research.  
Once all of my creative pieces were complete and I had presented the 
work in the gallery, I was to write a reflective paper on the process of this 
project. The paper would include the difficulties I faced, the aspects that I 
absolutely loved, and how successful the gallery showing was. It would also 
include my overall views on the project, self-critiques on my creative pieces, 
and areas in which I believed I could have improved on. There would also be a 
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significant dedication towards the influences of my work, including other 
creative pieces that inspired my works. 
My hope was to create an entertaining selection of works that provide a 
fun and thoughtful method to understanding scientific research and important 




The first step of the creative portion was to acquire a sketchbook that 
would be used to map out project ideas and methods. The way I approached 
my sketchbook was to use it for planning, but to also make sure that I was 
consistently creating. If there were days where I knew that I had to be making 
significant progress on this project, but I couldn’t bring myself to uphold the 
creative aura that I needed to be successful, I would utilize my sketchbook as a 
space where I could also just do quick anatomical sketches or goofy sketches of 
tardigrades. I called these works “exercises”. Though I wouldn’t be making 
literal progress on my thesis works, it allowed me to take mental health breaks 
while still having tardigrades on the mind. I also believe that by drawing 
tardigrades repeatedly, one can execute a piece on them quite well. A sort of 
practice makes perfect scenario if you will. 
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 When it came to mapping out gallery pieces, I made sure to keep notes 
on each piece. These notes included topics such as critiques, what media to 
use, dimensions, as well as some questions to ask my future self when working.  
 I also used my sketchbook as a sort of journal to document the process 
of making the official pieces. I made sure to date each of my entries and have 
them organized by project. Though organized, this documentation process is 
just bullet notes highlighting the processes that I was doing, as well as some 
mini critiques that arose along the way. I was also particular about paint colors 
and brush sizes I was using in case I didn’t finish a section and wanted to 




 Alongside doing exercises in my sketchbook, I also took to larger surfaces 
to practice tardigrade anatomy as well as media variety. Though a similar 
process to those in the sketchbook, these larger “warm-ups” utilized a mix-
match of utensils, with some pieces drawn from a feather dipped in ink to moss 
submerged in paint. These warm-ups focused primarily on changings of 
traditional media as well as perspective, whereas the exercises in the 
sketchbook were more for anatomical and physiological reference. The larger 
surface areas also provided practice with space, something I wasn’t really 
getting with just my sketchbook exercises. 
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In the context of Covid-19 
 
 As may be predicted from the beginning of the methods section, my 
thesis hasn’t followed the original guideline that was set for it. For one, no 
gallery showing took place due to the pandemic. Though saddened by this, I am 
glad that I was fortunate enough to secure space within the WUC that would’ve 
had my pieces shown for a week. I would like to thank Greg again for the 
wonderful work he did behind the scenes helping me coordinate that event. I’d 
also like to thank Greg for helping provide me with a space that would work as 
my studio in which I could work and store my belongings without worrying 
about something happening to them. 
 Speaking of my studio space, it was an abandoned classroom on the 
third floor of the Campbell building. Though full of storage, I was in love with 
the giant cathedral windows and the fact that I did have a space where I could 
work and feel safe. I was given the keys to the room—and building—in the 2019 
fall term. As exciting as it was to gain access early on in my project’s life, I 
unfortunately lost this access to the space in the spring term of 2020 when 
student issued fobs were turned off. With this, I no longer had any of my art 
materials, nor my sketchbook or the pieces that I had started to work on. I’ve 
managed to get back into the studio space to recover my belongings, but that 





 With the barrier to my art supplies, there was a period of time in which 
progress on the finished pieces didn’t take place. Before Covid-19 and its side 
effects, I had only one piece in progress. Now having all my materials, I have 
been able to finish this piece, and it currently stands as being the only “gallery 
piece” that I have finished. I really wish that I had the time and capability to 
work on the other pieces that I had acquired materials for, but with the barriers 
that I have faced during this pandemic, I do not think that it would have been 





 I think my biggest takeaway from this project was how unprepared I was for 
anything to “mess-up” or alternate the schedule that I made for myself. I don’t 
want to form a pity square, but the pandemic really derailed my motivation and 
access to my thesis—causing a lot of panic towards the end. There would have 
been moments where I lacked motivation or inspiration if this thesis were to play 
out without Covid-19, but something about the extra pressures of online schooling 
and life adjustments caused hardcore dissociation from self and responsibilities. 
To be honest, I’m pretty upset with how this project has ended, and how there was 
so much potential for it to be better. I’m also disappointed in my lack of innovation 
towards this project in the mindset of the pandemic. I could’ve pushed for an 
online showing—held a Zoom webinar for the artist’s talk and then a website 
showcasing my pieces—or attempted an outdoor, well-spaced showing, but I 
digress. 
 It’s also been really hard for me to distinguish between being unmotivated 
or stressed when it came to this project. Was my lack of goal meeting due to the 
stress of living through a global pandemic, or was I simply being lazy in my 
isolation? These questions have been bouncing around my mind a lot lately, and 
though I don’t have a solid answer, I try not to beat myself up about it. 
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 And that’s my major takeaway. Some things didn’t go as planned, and that’s 
okay. At the end of the day, or term I should say, I put in the effort and self-
reflection needed to fulfill my thesis project—all on top of being a fulltime student 
and working part-time. Existing in Covid times is exhausting but putting in effort 
alongside that really drains you. 
 There are critiques here and there, but overall, I’m proud of myself and the 
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